always been how this transmitter could escape the avid transporters that are responsible for its uptake. While this study points to one possibility, another is the potential for gliotransmission to regulate the availability of transporters for synaptically released glutamate. For example, by being scavenged by glutamate transporters, asynchronous astrocytic glutamate release could influence their availability for subsequent glutamate arising from synaptic transmission and thereby influence spillover of synaptic transmitter.
The linkage between TNFa and gliotransmission adds intriguing pieces to the developing puzzle of how astrocytes contribute to neuronal function and ultimately behavior. First, it sheds new light on recent controversy about the presence of Ca 2+ -dependent glutamate release from astrocytes. This study clearly demonstrates that the presence of a cytokine can gate whether Ca 2+ dependent gliotransmission is able to act on neurons. Second, the importance of TNFa in modulating gliotransmission points to the involvement of astrocytic signals in sleep related processes. Astrocytes have been previously demonstrated to contribute to sleep homeostasis through the activation of neuronal A1 adenosine receptors (Halassa et al., 2009) . Sleep homeostasis, a process by which the duration of wakefulness provides a feedback drive to sleep, is also regulated by TNFa. Indeed, TNFa exhibits a diurnal rhythm, and TNFa infusion can promote sleep (Krueger, 2008) . Furthermore, glial-derived TNFa regulates synaptic scaling (Kaneko et al., 2008; Stellwagen and Malenka, 2006) , a process that is thought to be of essential importance in our daily sleep/wake cycles (Tononi and Cirelli, 2006) . How glia contribute to the daily homeostatic regulation of brain and synaptic function in vivo is an intriguing question before us.
Heightened sensitivity to emotional faces may contribute to less risk taking and susceptibility to peer influence in adolescents. A longitudinal study from Pfeifer et al. reveals a developmental increase in ventral striatum activity in early adolescence in response to emotional faces, which correlates with improved measures of resistance to peer influence and risky behavior.
The intriguing and somewhat provocative paper by Pfeifer and colleagues in this issue of Neuron (Pfeifer et al., 2011) presents longitudinal neuroimaging data aimed at understanding maturational changes occurring at the onset of adolescence that may be relevant to risk taking. The authors report developmental increases in activity in the ventral striatum and ventromedial prefrontal cortex in response to facial displays of emotion. Moreover, the increases in ventral striatal activity to the facial stimuli correlated with measures of better resistance to peer influence and less risky behavior in early adolescence. These results are interpreted as possibly reflecting maturational changes in regulatory capacities for responding to some types of socialemotional information, which may be adaptive as adolescents are learning to navigate their increasingly risky social environments.
Prior to considering some of the details of this study, there is value in framing the larger significance of this line of investigation. This paper focuses on a developmental shift-the transition from childhood into adolescence-that heralds a period of vulnerability. It is a time when natural tendencies to explore and take risks (combined with the increased influence of peers) leads to a sharp increase in risky and dangerous behaviors. Morbidity and mortality rates jump dramatically in adolescence, primarily due to problems with the control of behavior and emotion-deaths from accidents, suicide, and violence, as well as the short-and long-term consequences of drugs, alcohol, risky sexual behaviors, depression, and eating disorders among others.
Yet, it is equally important to emphasize the positive aspects of adolescence. Most youth navigate this developmental period quite well. Moreover, it is important to recognize that a great deal of the exploration and risk taking that occurs in adolescence is normative and can contribute to learning, discovery, and positive development. The challenge to society-including clinicians, educators, and policy makers (along with a growing number of developmental cognitive neuroscientists)-is how to better understand the complex factors that contribute to these vulnerabilities, and more specifically, how to use these insights to inform efforts to help tip the balance in the direction of positive healthy life course trajectories.
As reflected in a recent report from the National Academies of Science, Institute of Medicine report on the Science of Adolescent Risk Taking (Committee on the Science of Adolescence, Board on Children, Youth, and Families, and Institute of Medicine and National Research Council, 2011) , there is growing interest in the rapid advances in the fields of developmental social, cognitive, and affective neuroscience that are beginning to reveal new insights into how biology and social context interact relevant to these vulnerabilities (and opportunities for early intervention).
The study by Pfeifer and colleagues (2011) provides an excellent example of some of the pioneering work that is taking key early steps to extend our understanding of these complex but extremely important issues. One thing to appreciate is their longitudinal design. As has been argued forcefully by some leading statistical methodologists in the field, longitudinal studies are not only essential to addressing many types of developmental questions, but it also important to recognize that cross-sectional studies (studying children of different ages and inferring development) can be misleading (see Kraemer et al., 2000) . These issues are particularly relevant to studies in developmental neuroscience because the expense and logistics of repeating studies in the same individuals followed longitudinally can be burdensome. Nonetheless, given the importance of these issues, there is a need for well-designed longitudinal studies.
By restudying the same individuals across the interval of ages 10 to 13, Pfeifer and colleagues have found evidence for some intriguing changes in what may represent maturation of regulatory circuits that are engaged by looking at facial expressions of emotion. The correlation with better indices of resistance to peers and risky behavior suggests the possibility that these changes may reflect adaptive capacities to engage social and affective cognition more effectivelycapacities that may be necessary for navigating the increasingly risky social environments of adolescence.
The authors also found evidence that activity in the ventral striatum and amygdala were significantly more negatively coupled when the subjects were restudied in the more mature stage. This again suggests the possibility of more complex regulatory processes (rather than a simple activation of ''emotional reactivity''). This has important implications because some early papers in these areas have put forth some relatively simple models of how ''cognitive'' and ''affective'' systems change across this period of development, whereas it is increasingly evident that we must consider with greater specificity the coordination of social, cognitive, and affective systems working together in increasingly mature ways, to regulate emotion and behavior in complex social situations.
However, as is often the case with pioneering work dealing with complex issues, this paper raises more questions than it answers. One unanswered question regarding these results is the specific role of pubertal maturation at the onset of adolescence. There is growing interest in understanding the role of increased sensation seeking (which seems to occur at the onset of puberty) that contributes to some risk-taking tendencies, versus a broader maturation of cognitive control which develops gradually and continues long after puberty is over (see Galvan et al., 2006; Steinberg, 2008) . Maturational changes during puberty/early adolescence may create a challenge to these capacities since some aspects of puberty typically begin by ages 10-13 while cognitive control is still relatively immature (see Forbes and Dahl, 2009; Van Leijenhorst et al., 2010a; Geier et al., 2010) . The Pfeifer et al. (2011) study covers the period of early adolescence when puberty is typically beginning but does not report the specific influences of pubertal maturation in their data, which would seem to be an important dimension to understand.
Another closely related question focuses on sex differences. Not only do girls tend to go through puberty 1-2 years earlier than boys, but also there are both social and biological reasons that males and females may show different patterns of maturation of risk taking during adolescence. Relatively small sample sizes often preclude the ability of neuroimaging studies of adolescents to fully explore these sex differences. Clearly, there is a need for larger (and longer) longitudinal studies that focus on puberty (and ideally the measure of reproductive hormones) to parse some of these complexities.
Another important set of questions focuses on the impact of peers. On the one hand, a strength of this study is its inclusion of some measures of reported resistance to peers and risky behavior; on the other hand, to really understand risky behavior, there is a need to include more ecologically valid (and behavioral) measures of risk taking. A recent study (Chein et al., 2011) illustrates how strikingly peers can impact risky behavior and their underlying neural systems. In that study, adolescents tested alone did not differ from adults in their risky behavior; however, adolescents who were told that two peers were observing their actions showed more risky and reckless behavior as well as different patterns of neural activation compared to adults (whereas adult behavior was not affected by being observed by their peers).
It is also important to consider risk taking as part of a more complex process of decision making and self-regulatory control (see Blakemore, 2008; Van Leijenhorst et al., 2010b) . Accordingly, it is important to recognize that risky behavior can be rewarding and exciting as well as scary and dangerous. In many ways, the real-life challenges in adolescence involve complex (but quick) appraisals of risk/reward tradeoffs. These include not only rational and cognitive processes, but also fast automatic affective judgments that must be learned and calibrated. For example, bold behavior can be an extremely effective way for adolescents to gain status with peers (including many types of brave behavior that are truly admirable and healthy, as well as other reckless behaviors that contribute to the media stereotype of adolescents as having pieces of their prefrontal cortex missing). For adolescents, learning how to make such judgments is likely to entail complex social, cognitive, and affective processes working together.
Clearly, these are extremely complicated issues. They will most likely require interdisciplinary teams working together to design and carry out large well-designed longitudinal studies using the best tools of developmental cognitive neuroscience as well as ecologically valid measures of behavior in realistic social contexts. The challenges (and expense) are daunting; however, the stakes for society and the morbidity and mortality of youth are enormous and deserving of the best science that can be used to inform early intervention and prevention strategies in the future.
